Adverse selection predicts that individuals with lower health status would be more likely to sign up for health insurance. This hypothesis was tested among the long-term uninsured population in South Carolina (SC). This study used data from an in-person survey conducted from May 2014 to January 2015. Interviews were held with the long-term uninsured individuals at multiple sites throughout the state, using a multistage sampling method. SC residents aged 18 to 64 years who had had no health insurance for at least 24 consecutive months were eligible for the survey. The dependent variable is the participants' attempt to obtain insurance coverage. Key independent variables are self-reported health status, hospitalization in the past year, use of emergency department in the past year, and presence of serious long-standing health problems. The analysis is stratified by the awareness of the Affordable Care Act (ACA)'s individual mandate while controlling for age, gender, race/ ethnicity, and household income. Participants' self-reported health status was not significantly associated with the attempt to sign up for health insurance in both groups (those aware and those unaware of the individual mandate). Being hospitalized in the previous year was significantly associated with their attempt to sign up for insurance in both groups. Participants with serious long-term health problems were more likely to have attempted to sign up for insurance among those who were not aware of the ACA. However, this association was statistically insignificant among those who had heard of ACA. Sicker people were more likely to attempt to sign up for insurance. However, being aware of the ACA's individual mandate seemed to play a role in reducing adverse selection.
Introduction
Adverse selection occurs in insurance marketplaces where information asymmetry between the buyer and the seller leads to suboptimal pricing, efficiency loss, and even market failure.
1,2 A health insurance seller typically knows less than individual buyers about their health status and subsequent health care expenditures: It is not surprising that adverse selection has been found in different types of individual health plans and even group health plans, affecting the stability of these plans. 3, 4 To overcome adverse selection among insurance subscribers, "individual mandate," the legal requirement that individuals purchase health insurance to avoid a penalty, was implemented in 2006 in Massachusetts 5 and in the 2010 Patient Protection and Affordable Care Act (ACA). 6, 7 However, 5 years into the implementation of the ACA, millions of Americans remain uninsured 8 with barriers such as low health literacy and high insurance premiums. In states such as South Carolina (SC), where the state government chose not to participate in the Medicaid expansion program, 9 adverse selection could be particularly serious since a substantial pool of people with potentially high health care expenditures and low incomes are left to the federally facilitated marketplace to shop individual plans without a premium subsidy. Adverse selection indicates that the less healthy people could be more likely to sign up for a given premium listed in the marketplace, driving up the premium INQUIRY in an upward spiral and pricing. As a result, more individual enrollees opt out of insurance plans.
In 2014, SC was ranked sixth in terms of percentage of the uninsured, with 18% of nonelderly adults (aged between 19 and 64 years) being uninsured. 10 Yet relatively little is known about the actual demand for insurance coverage among the uninsured, especially among the long-term uninsured.
This study examines whether adverse selection, as described above, is a driving factor for uninsured people's attempt to sign up for health insurance in SC. Answers to this question can provide a meaningful contribution to the quest to understand why many people in SC still remain uninsured after the implementation of the ACA.
Methods

Survey and Data
We conducted an in-person survey throughout SC from May 2014 to January 2015. Our sampling method first selected 10 Zip Code Tabulation Areas (ZCTAs) in 4 regions of SC (Upstate, Midland, Low-Country, and Pee Dee). The main difference between a zip code and a ZCTA is that the latter has a "regular" population attached to it while a zip code can be unique for an entity such as university, a military base, or a PO Box. Selection of the ZCTAs was determined in multiple steps. We used secondary data from the Census Bureau to extract the sociodemographic and economic information including percentage of the uninsured population at the ZCTA level. The extracted data were then used in a statistical model to predict the level of concentration of the long-term uninsured (LTU) in each ZCTA. Then we rank-ordered 424 SC ZCTAs by their predicted concentration of the LTU. Two or 3 ZCTAs with the highest predicted concentration of the LTU in each of the 4 regions of SC were selected. After having the ZCTAs selected, multiple interview sites were secured by working with local partners such as free health clinics, community centers, faith organizations, and food pantries, which were known for serving people in need to recruit potential survey participants. Flyers, words of mouth, and even local radio station were used to solicit interests in interview participation, with a financial incentive of $25 for eligible respondents who showed up and finished the interview. Zip codes of the respondents were obtained from the interviews. While the interview sites were located in 10 zip codes, final data contained individuals from 90 zip codes.
The survey was administered through face-to-face interviews targeted at people aged 18 to 64 years residing in SC who had been without health insurance for 24 months or longer at the time of the study. Interviewers were trained and monitored by the research project team members. All interviewers completed human subjects training. Prior to participation, subjects were administered an informed consent process approved by the institutional review board. A total of 954 people responded to our survey.
Inquiry about attempts to obtain insurance coverage was part of a series of questions that asked for reasons why the respondents remained uninsured. To assess their overall health status, we included standard questions on self-reported health status, and asked about past year's household health expenditures, hospitalization experience, emergency department visit(s), and existence of a serious long-standing health problem diagnosed by a health care professional. Using Likert-type items, we also measured the perceived community coverage rate and the perceived affordability of insurance premium. The interview also asked for the respondents' age, gender, race/ethnicity, and household income in the previous year.
Statistical Methods
We first described the demographic, socioeconomic, health status, and spending characteristics of the uninsured SC residents in our sample. Then we compared demographic, socioeconomic, and health status characteristics in our sample with that of the uninsured subsample of SC's 2015 Behavioral Risk Factor Surveillance System (BRFSS) data set. We also compared the health spending of our sample with that of the uninsured subsample of the nationally representative 2015 National Health Expenditure Accounts (NHEA)-Aligned Medical Expenditure Panel Study (MEPS) data set ( Table 1) .
Using multivariable logistic regression, the dependent variable is constructed as a binary variable: participants' attempts to obtain insurance coverage (yes or no). All key independent variables are dummy-coded including selfreported health status (excellent, fair, good, poor), hospitalization in the past year, use of emergency department in the past year, and presence of serious long-standing health problems. The analysis is stratified by the awareness of the ACA's individual mandate while controlling for age, gender, race/ ethnicity (African American, Non-Latino white, Non-Latino other races, and Latino), household income last year (log transformed), and health expenditure last year (log transformed). We then rerun these logistic regressions by stratifying the sample by median income (above/below the median household income of $8520). Stata 11 (Stata Corp, College Station, Texas) was used to run the statistical analysis.
Results
Out of 954 respondents, 98 cases were excluded from our analysis due to missing values. The resulting sample of 856 cases has a mean age of 42.0 (SD = 12.7) and 58.1% of respondents are women. African Americans (71.1%), whites (17.4%), and Latinos (6.6%) are the 3 major racial groups in our sample.
Health Status
When asked to rate their own health status on a 5-point ordinal scale, 32.7% of the respondents reported "fair" and 9.5% reported "poor" (Table 1 ). When asked whether he or she had been told of a serious long-standing health problem, 44.7% of the respondents chose "yes." A total of 17.9% had been hospitalized within the past year, higher than the SC rate (11.6%) as reported by the South Carolina Revenue and Fiscal Affairs Health Statistics in 2013.
11
Knowledge and Behavior Regarding Health Insurance
A total of 44.0% of those surveyed had attempted to sign up for insurance. When asked whether they had heard of the ACA, the law which required that everyone have health insurance, 15.9% responded no. Table 1 compares our sample characteristics with that estimated from the uninsured subsample in SC BRFSS and MEPS. The household health care (out-of-pocket) spending is based on analysis of 14 521 uninsured households in 2015 MEPS Household Component's national sample. All the other characteristics of uninsured residents in SC were based on analysis of the uninsured resident sample from 2015 BRFSS. The characteristics of our sample were not distinctively different from the BRFSS uninsured subsample in terms of health status, age, and gender. Our convenience sample of the LTU was different from the uninsured subset of SC population in terms of racial mix and household income. Specifically, African Americans and the lowincome residents were of higher proportion in our LTU sample as compared with the uninsured subset in BRFSS and MEPS. The self-reported health care expenditure among our respondents was higher than that in the uninsured subsample of MEPS.
Comparison With BRFSS and MEPS Uninsured Subsamples
Results From Logistic Regressions by Awareness of ACA
The respondent's self-reported health status was not significantly associated with the attempt to sign up for health insurance, regardless of the respondents' awareness of the ACA or the household income (Table 2) . By contrast, hospitalization experience in the previous year was significantly associated with the attempt to sign up for insurance with odds ratio (OR) of 1.656 (95% confidence interval [CI]: 1.053-2.604) among those who had heard of the ACA and OR of 3.368 (95% CI: 1.006-11.28) among those who had not heard of the ACA, a pattern that held when we stratified by household income and when we ran the analysis on the full sample. Having a prior emergency department visit, however, is not associated with the attempt to sign up for health insurance among either group: OR is 0.957 (95% CI: 0.683-1.342) among those who had heard of the ACA and 0.970 (95% CI: 0.404-2.331) among those who had not heard of the ACA.
Having a serious long-term health problem was significantly associated with an attempt to sign up for insurance among those who had not heard of the ACA (OR = 2.865, 95% CI: 1.160-7.074), yet this association was insignificant among those who had heard of the ACA (OR = 1.267, 95% CI: 0.891-1.801). This association was also significant among the subsample with household income below $8520 (OR = 1.617, 95% CI: 1.009-2.590) and among the full sample (OR = 1.388, 95% CI: 1.007-1.914), although with a smaller absolute value of the OR than the one estimated among the subsample who had heard of the ACA. Note. In the "BRFSS uninsured sample" column, all the characteristics of long-term uninsured residents in South Carolina are based on analysis of the 2015 BRFSS sample; age and household income are recalculated based on the income and age categories defined in the BRFSS data set. BRFSS = Behavioral Risk Factor Surveillance System.
INQUIRY
Age was not associated with the attempt to sign up for insurance among either of the 2 subsamples.
Discussion
There have been concerns that key ACA elements such as guaranteed issue and community rating might contribute to the issue of adverse selection when people sign up for insurance plans in the federally facilitated marketplace, 12 which makes it important for us to conduct this empirical study of adverse selection. Descriptive statistics from our study showed there were many unmet medical needs among these LTU individuals in SC and that they were not "young invincibles" 13 who simply did not perceive the need for health coverage. In fact, chronic conditions and prior hospitalizations were common among study participants. Moreover, 44.7% of the sample reported having been diagnosed as having at least 1 serious long-term health problem. Although age and self-rated health status have been proven to predict health care expenditures 14, 15 and thus could in turn influence one's insurance enrollment decision, our analysis suggests that they did not predict the attempt to sign up for health insurance among these LTU people. Nor was the household's prior health care expenditure a significant predictor of the enrollment decisions in either of the 2 subsamples, contrary to what the "adverse selection" hypothesis would suggest. Note. 95% confidence intervals in parentheses. ACA = Affordable Care Act. *P < .05. **P < .01. ***P < .001.
There is a possible explanation for the positive relationship between previous hospitalization and attempts to sign up for insurance. Those who went through hospitalization could have received more outreach efforts from service agencies, and therefore they could be more aware of the available insurance options and/or better prepared to navigate through complicated processes to get insurance coverage. As for the variable of having long-term health problems, the contrast between those who had heard of the ACA and those who had not suggests a possible effect of the individual mandate: It might have reduced the impact of the adverse selection mechanism from the otherwise significant association between diagnosed health problems and an attempt to sign up for health insurance.
Although there has been considerable discussion regarding the impact of adverse selection in the implementation of the ACA 16 and a few simulation studies of ACA's risk mitigation policies have shown the promise of risk corridor and reinsurance 17, 18 as well as the challenges facing risk adjustment, 19 our study is among the first attempts to empirically assess the presence of adverse selection. It is important to note that the awareness of the ACA does seem to have a role in at least partially mitigating adverse selection among these LTU. Meanwhile, the fact that people with recent hospitalization experience are more likely to attempt to sign up for insurance in both subsamples suggests that the adverse selection might be better explained by the individuals' recent inpatient experience rather than self-reported health status and long-term illness.
As our descriptive analysis shows, only 0.74% of respondents would rather pay penalties rather than enrolling in ACA. This might indicate that the very existence of penalties, rather than the penalty amount, could be the driving factor for overcoming adverse selection, since the penalty amount in 2014 was of a very low amount. 20 It is more likely that the knowledge about the individual mandate has potential influence on attempt on enrollment. It remains uncertain whether alternatives to the penalty design (eg, everyone with insurance gets a tax credit, aka replacing the penalty design with an absence of tax credit) could overcome adverse selection.
More studies are needed to explore what other approaches, in addition to disseminating the message about the individual mandate in ACA and planned increases in tax penalties for remaining uninsured, might work to enroll these LTU people. Specifically, it will be interesting to know whether it is the awareness of financial risk from the recent hospitalization or the awareness of health risk from the recent hospitalization that drives an LTU person to sign up for insurance. If it is the heightened awareness of financial risk from the recent hospitalization that motivates one to enroll in health plans, policy and outreach programs should also present the odds and economic toll of hospitalization without health insurance, in order to encourage the uninsured to sign up for insurance. The recent announcements of pull-out of ACA health insurance market by major insurers such as United Health Care 21 pose more important questions related to adverse selection and its potential impact on health care market for the uninsured population.
It should be noted that our study has several limitations and the results should be interpreted with caution. From a theoretical perspective, adverse selection predicts that individuals with lower health status are more likely to sign up for health insurance. But a null finding when testing this adverse selection hypothesis can also come from the fact that the cost of health insurance is prohibitively expensive for most of them, making it look like there is no difference in the attempts to sign up for insurance across individuals with different health status. These people need to balance between costs and benefits including the penalties for not having insurance. Our survey happened to capture the time when the monetary amount of penalties is very insignificant, and the patterns we found among these people could very well change in future as the regulatory context continue to evolve.
Moreover, the survey participants were recruited using a convenience sampling within each region's "hotspots," based on referrals of charity care providers and respondents. This reduces the generalizability of our analytical results. Second, there have not been a great number of empirical studies to assess the effectiveness of ACA implementation, which means that we have not identified widely used measures of individual participants' knowledge of the ACA. The measure used in this survey is based on 1 questionnaire item, and could be confounded by factors such as the respondents' self-perceived knowledge instead of detailed knowledge about the ACA individual mandates and its specific rules such as penalty amount.
Moreover, we should note that our findings are based on the LTU and thus cannot be easily generalized to other uninsured. The LTU is a subset of the uninsured. From the literature, we have found a number of distinctive characteristics of the LTU. They often work part-time and might be referred to as the "working poor class" with an income below the median but not among the poorest in the nation. 22 There are nearly 20% of the LTU families with an annual income above $50 000, while 70% are in families where the family head is a full-time, full-year worker, but is either not offered health insurance or does not take it up to cover the family members. 23 Social and economic factors such as the increase in temporary and contingent work along with increased cost sharing for insurance may lead to LTU status. 24 In addition to income, the extent of being LTU varies across age and ethnicity groups: for instance, Latinos were more likely to be LTU compared to other ethnic groups. 25 We look forward to future data collections aiming to specific subgroups of LTU such as the Latino LTU.
Finally, it is important to recognize the LTU individuals can be divided into subgroups. Our study focused on the LTU who still remained uninsured at the time of our survey. One specific merit to focus on this subgroup is to understand why these individuals remained uninsured months after the individual mandate of the ACA became effective. There were also LTU who got insurance coverage through the market exchange (and thus not eligible for our survey). If considering all LTU individuals as only 1 group, then our sample would be subject to some potential bias, which can be qualitatively judged. For instance, we found a positive relationship between previous hospitalization and attempts to sign up for insurance. It can be argued that the estimated coefficient for previous hospitalization could have a downward bias since the "high-risk type" had already signed up for health insurance. Those remained uninsured were the "low-risk type" and less inclined to get health insurance. Such estimated effect would be larger if the sample would have included the high-risk type. In addition, a study 26 on Medicare Advantage insurance enrollment shows that subpopulations with different education, income, and longevity expectation also predict differences in motivation to enroll health insurance. To the best of our knowledge, there is no other evaluation study on LTU in SC, which examines all the major social economic aspects of pre-ACA and post-ACA LTU population. We therefore cannot estimate the magnitude of such potential bias.
We look forward to future studies where a representative sample of LTU people in the state can be collected, and analyses based on that sample can then be helpful in predicting insurance enrollment behavior as decision makers at different levels of government continue to modify or improve the current health insurance system.
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